of the studied components were suggested to be close enough to each other (Greenwood and 1 Gibb, 1971 , Rodriguez et al., 2005 , Goodman et al., 1982 . 2
Determination of Fe concentration in the roots 3
For measuring the total Fe concentration, whole roots were blotted with filter paper (without 4 rinsing so that the results are comparable with those of the Mössbauer spectroscopy), dried at 80 5 ºC and then digested. Ten ml HNO3 (65 v/v %) was added to 1 g of sample for overnight 6 incubation at RT. Then, the samples were pre-digested for 30 min at 60 °C. Finally, 3 ml H2O2 7
(30 m/m %) was added for 90 min, boiling at 120 °C. The solutions were made up to 50 ml, 8 homogenised and filtered through MN 640W filter paper. The Fe concentration of the filtrate was 9 determined by ICP-MS (OPTIMA 3300 DV ICP-OA spectrophotometer, Perkin-Elmer). 10
Fe-chelate reductase assay 11
The assay was designed after Kovács et al. (2009) . Iron-treated (+Fe or +Fe+KHCO3) or Fe-12 deficient roots (approximately 0.1 g) were excised, rinsed with 0.5 mM CaSO4, blotted and 13 transferred to 5 ml of a buffered solution containing 500 M Fe-EDTA, 400 M BPDS, 2.5 mM 14 KNO3, 2.5 mM Ca(NO3)2, 1 mM MgSO4 and 0.5 mM KH2PO4 and continuously shaken at 100 15 rpm for 15 minutes in darkness. The pH of the solution was buffered by 5 mM MES (pH 4.5, 5.5, 16 6.5), 5 mM HEPES (pH 7.5), 1 and 3 mM KHCO3 (pH 7.0 and 7.5), respectively, adjusted by 17 adding KOH. Separate samples were made without plants to exclude any non-specific Fe 18 reduction. At the beginning and after incubation, the solution was immediately sampled and the 19 absorbance was measured at 535 nm. Roots were weighed and the Fe-chelate reducing activity 20 was calculated using the specific extinction coefficient of 4-(22.14 mM -1 cm -1 ). 21 The microscopic analysis of the root cross section using Perls/DAB staining shows a 3 characteristic difference in the Fe distribution at pH 4.5 and 7.5 (Fig. 4, A Table 2 ), show similar Fe components to those found in the spectra of the roots supplied for 30 12 min with Fe(III)-citrate without KHCO3 at pH 6.5-7.5 (Fig. 1, Table 1 ). However, the relative 13 Fe(II) concentration (15-17%) (Table 2) was higher than those measured at pH values 6.5 and 7.5 14 set by MES and HEPES buffers (Table 1) . Moreover, these values are similar to those measured 15 at pH 4.5-5.5 (12-16%) ( The FCR activity was altered by the pH of the assay solution but it was not further 20 influenced by the pretreatment with Fe(III)-citrate in bicarbonate containing solution (Fig. 6, see  21 also Fig. 3 ). When it was measured at pH 5.5 (MES) after a 30 min pretreatment at pH 7.0 22 (KHCO3), the FCR activity was similar to that found in other roots pretreated without Fe at pH 23 4.5-5.5 (MES), but when the assay was carried out in the presence of bicarbonate at pH 7.0-7.5 it 1 was reduced by 50% (Fig. 6) . 2
The Perls/DAB staining of roots treated with bicarbonate during the 30 min incubation 3 with Fe(III)-citrate shows that the Fe incorporation into the root apoplast involved only the outer 4 cortical cell layers just as in the roots treated at pH 7.5 (HEPES) (Fig. 4, C) . 5
When the plants were grown in Fe(III)-citrate containing nutrient solution with 1 mM 6 bicarbonate the inhibited movement of Fe into the root cortex resulted in its precipitation as 7 granules and diffusely scattered grains at the root epidermis surface (Fig. 4, D) . These granules 8 may correspond to an Fe plaque. This sort of precipitation was not observed in the control Fe-9 sufficient plants grown without bicarbonate (Fig. 4, F) or in any other samples. 10 11 Discussion 12
13
The effect of pH in the bulk solution on the rhizospheric and biochemical processes in connection 14 with Fe uptake has been extensively investigated by several authors (Toulon et al., 1992 , Susín et 15 al., 1996 , Chang et al, 2003 . The main conclusions of these studies were that pH is important in 16 terms of (i) influencing the FCR activity, (ii) interacting with H + excretion by root cells and, (iii (Fig. 4, F) . However, when 1 mM KHCO3 was also added to the nutrient solution (for the whole 10 growth period) a clear accumulation of Fe was observed as grains at the rhizoplane that is 11 suggested to be Fe plaque. 12
The Mössbauer parameters of the Fe(III)-components, found in the spectra of the roots 13 grown in the presence of 1 or 3 mM bicarbonate (Table 2) In conclusion, it is suggested that the "pH effect" modifies not only the FCR activity but, through 5 the decreased H + excretion, the reoxidation of the enzymatically reduced Fe species may also be 6 enhanced resulting in new immobile Fe(III) species present in the apoplast. The "bicarbonate 7 effect" may involve (i) a pH component decreasing both the FCR activity and the acidification of 8 the apoplast and (ii) a mineralization effect leading to the slow accumulation of extraplasmatic Fe 9 particles forming the Fe plaque trapping Fe and other minerals in biologically unavailable form. 10
It should be noted that these Fe particles are only present in the roots of Fe-sufficient plants. 11 12 Line widths are constrained all to be the same. 6  : isomer shift relative to Fe 
